The isolates were grown on CYA and YES at 25 °C for 7 d. Extrolites were extracted after incubation. Five 6 mm plugs Aspergillus sect. Aeni sect. nov., a new section of the genus for A. karnatakaensis sp. nov. and some allied fungi . aeneus, A. crustosus, A. eburneocremeus, A. heyangensis, and the teleomorph producing-species Emericella bicolor, E. discophora, E. spectabilis, and E. foeniculicola. This clade is placed in a new section, Aspergillus sect. Aenei sect. nov. All teleomorph species assigned to this section are able to produce sterigmatocystin.
INtroductIoN
Aspergillus subgenus Nidulantes is one of the largest subgenera of the genus Aspergillus, including about 80 species (Peterson 2008 . Several species of this subgenus have a teleomorph assigned to Emericella (Pitt et al. 2000 , Samson 2000 , Frisvad & Samson 2004 . Species of subgenus Nidulantes are important as opportunistic human pathogens , as producers of various secondary metabolites which are useful for the pharmaceutical industry (e.g. penicillin, echinocandins, ophiobolins), and mycotoxins which are harmful to animals and humans (e.g. aflatoxins, sterigmatocystin; Frisvad et al. 2004 , Frisvad & Samson 2004 , Zalar et al. 2008 .
During surveys of Aspergillus isolates from soil samples from subtropical regions, two interesting isolates were recovered which did not match any known species of the genus. We used the polyphasic approach, including sequence analysis of parts of the b-tubulin and calmodulin genes and the ITS nrDNA region, macro-and micromorphological analyses, and examination of the extrolite profiles of the isolates to differentiate the new species Aspergillus karnatakaensis sp. nov. We also analysed strains of species which appeared to be closely related to the new species for the production of extrolites and found sterigmatocystin in all species with a teleomorphic state studied and also in Aspergillus ebureocremeus.
MAtErIALS ANd MEtHodS

Isolates
The strains used in this study are listed in Table 1 .
Morphological analysis
For macromorphological observations, Czapek yeast autolysate (CYA), malt extract autolysate (MEA) agar, Yeast Extract Sucrose agar (YES), creatine sucrose agar (CREA), and oatmeal agar (OA) were used (Samson et al. 2010) . The isolates were inoculated at three points on each plate of each medium and incubated at 25 °C and 37 °C in the dark for 7 d. For micromorphological observations, microscopic mounts were made in lactic acid from MEA and OA colonies and a drop of alcohol was added to remove air bubbles and excess conidia.
of each agar medium were taken and pooled together into the same vial for extraction with 0.75 mL of a mixture of ethyl acetate/dichloromethane/methanol (3:2:1) (v/v/v) with 1 % (v/v) formic acid. The extracts were filtered and analyzed by HPLC using alkylphenone retention indices and diode array UV-VIS detection as described by Frisvad & Thrane (1987 , with minor modifications as described by Smedsgaard (1997) . The column used was a 50 × 2 mm Luna C-18 (II) reversed phase column (Phenomenex, CA, USA) fitted with a 2 × 2 mm guard column.
genotypic analysis
The cultures used for the molecular studies were grown on malt peptone (MP) broth using 1 % (w/v) of malt extract (Brix 10) and 0.1 % (w/v) bacto peptone (Difco), 2 mL of medium in 15 mL tubes. The cultures were incubated at 25 °C for 7 d. DNA was extracted from the cells using the Masterpure™ yeast DNA purification kit (Epicentre Biotechnology.) according to the instructions of the manufacturer. The ITS region and parts of the b-tubulin and calmodulin genes were amplified and sequenced as described previously (Varga et al. 2007a-c) .
data analysis
The sequence data was optimised using the software package Seqman from DNAStar Inc. Sequence alignments were performed by MEGA v. 4.0 (Tamura et al. 2007 ) and improved manually. For parsimony analysis, PAUP v. 4.0b10 software was used (Swofford 2003) . Alignment gaps were treated as a fifth character state and all characters were unordered and of equal weight. Maximum parsimony analysis was performed for all data sets individually using the heuristic search option with 100 random taxa additions and tree bisection and reconstruction (TBR) as the branch-swapping algorithm. Branches of zero length were collapsed and all multiple, equally parsimonious trees were saved. The robustness of the trees obtained was evaluated by 1000 bootstrap replications (Hillis & Bull 1993) . Eurotium heterothallica was used as outgroup in these analyses (Houbraken et al. 2007) . The alignments were deposited in TreeBASE (<treebase. org/treebase-web/home.html>) under accession number S11027.
rESuLtS ANd dIScuSSIoN
Phylogeny
Of the aligned b-tubulin sequences, a portion with 438 positions, including 107 parsimony informative characters, was selected for the analysis; MP analysis of the sequence data resulted in two similar, equally most parsimonious trees (tree length = 289 steps, consistency index = 0.7855, retention index = 0.7919), one of which is shown in Fig. 1 . The calmodulin data set consisted of 492 characters, including 188 parsimony informative sites; MP analysis resulted in a single most parsimonious tree (length = 485, consistency index = 0.7402, retention index = 0.8040), which is presented in Fig.  2 . The ITS data set consisted of 451 characters, including 43 parsimony informative sites; MP analysis resulted in four equally most parsimonious trees (length = 105, consistency index = 0.8190, retention index = 0.8541), one of which is presented in Fig. 3 .
The two isolates from Karnataka, India were found to be closely related to Aspergillus aeneus based on phylogenetic analysis of protein coding sequences (Figs 1, 2), and had identical ITS sequences to A. aeneus (Fig. 3) . One additional isolate also from India, "A. aeneus" NRRL 4649 (= IMI 086833) was found to be conspecific with these two isolates. This isolate was obtained from soil of the Machrar river bed in the district of Bansa, Madhya Pradesh (Rai et al. 1964) , and is morphologically similar to the other two Indian isolates. The three isolates are described here as a new taxon, A. karnatakaensis sp. nov. A typical characteristic is the formation of a crust of Hülle cells. The strains were incubated on various media for ascoma production, but in none of the strains were ascomata or ascospores found. Also, a mating experiment with the three strains did not induce ascoma production.
Aspergillus karnatakaensis formed a well-supported clade together with four Emericella species, E. foeniculicola, E. bicolor, E. spectabilis and E. discophora, and four species known to reproduce only asexually, including A. aeneus, A. eburneocremeus, A. crustosus and A. heyangensis on the trees based on calmodulin (Fig. 4) , b-tubulin, and ITS sequence data (data not shown). Based on these observations, we describe Aspergillus sect. Aenei sect. nov. to accommodate these species within subgenus Nidulantes. This group of species was originally assigned to section Nidulantes (Raper & Fennell 1965 , Christensen et al. 1978 , Samson 1979 , Udagawa & Muroi 1979 , Sun & Qi 1994 .
Extrolites
Aspergillus karnatakaensis isolates were found to produce karnatakafurans A and B (Manniche et al. 2004) , terrein, gregatins, asteltoxin (until now only detected in CBS 102799) and the partially characterised metabolite NIDU. Both gregatins and NIDU are also produced by A. granulosus, while karnatakafurans are produced in common with A. aeneus and A. multicolor. However, phylogenetic analysis of sequence data of A. multicolor (Peterson 2008) and A. granulosus (Houbraken et al. 2007 ) indicated that they are not closely related to A. karnatakaensis, while A. aeneus is.
Among the other species found to belong to the same clade as A. karnatakaensis, Emericella bicolor produces sterigmatocystin, versicolorins, some anthraquinones, and a polar extrolite with end-absorption; E. foeniculicola produces sterigmatocystin (and many other sterigmatocystin and versicolorin-related compounds), xanthocillin derivatives, and the partially characterized (but common) metabolite DRI; E. spectabilis produces two members of the shamixanthone biosynthetic family (both more polar than shamixanthone itself) and a member of the sterigmatocystin biosynthetic family; A. heyangensis produces a decaturin in common with A. aeneus and A. karnatakaensis and NIDU, while E. discophora produces sterigmatocystin and versicolorins (Zalar et 2008). Decaturins are antiinsectan metabolites which have previously been identified in Penicillium species including P. thiersii and P. decaturense (Zhang et al. 2003 , Li et al. 2005 . Aspergillus eburneocremeus has both sterigmatocystin and mer NF-8054X in common with E. heterothallica. Aspergillus crustosus is different from all these species in producing only PR-toxin and related mycotoxins, and has no extrolites in common with the other species in sect. Aenei. All Emericella species in sect. Aenei produce sterigmatocystin, while the Aspergillus species without a known teleomorph apparently cannot produce it, with the exception of A. eburneocremeus. However, sterigmatocystin is common throughout the different sections of subgenus Nidulantes, and has even been found in sections Ochraceorosei and Flavi (Frisvad et al. 2005) . Other extrolites such as shamixanthones, mer NF-8054X and the related emesterones, and terrein have also been found in other species in section Nidulantes. Aspergillus heyangensis is only known from ex-type cultures and re-examination of the cultures showed that the taxon has great similarities with the species mentioned above, including its inability to grow at 37 °C, and the shape of the conidial heads and vesicles, although this species does not produce Hülle cells (Fig. 5) . That species also produces the unknown metabolite NIDU, as do A. karnatakaensis and E. discophora ( Species assigned to Aspergillus sect. Aenei form a wellsupported clade, basal to section Nidulantes sensu Peterson (2008) based on ITS, b-tubulin, calmodulin, and RNA polymerase 2 sequences (see Fig. 11 in Peterson 2008) . The section includes four species able to reproduce both sexually and asexually (Emericella discophora, E. bicolor, E. spectabilis, E. foeniculicola), and five species for which the teleomorph is unknown (A. aeneus, A. eburneocremeus, A. crustosus, A. heyangensis, and A. karnatakaensis) . All species are characterised by brownish conidiophores, flask-shaped vesicles, and biseriate conidial heads. Several species produce Hülle cells abundantly in masses (except for A. heyangensis, which does not produce Hülle cells at all). The teleomorph-producing species assigned to this section all have smooth convex ascospores with two equatorial crests. None of the species assigned to this section are able to grow at or above 40 °C. All teleomorph species, together with A. eburneocremeus, are able to produce sterigmatocystin. The relationship of E. spectabilis to A. crustosus has already been suggested by Christensen et al. (1978) , while E. discophora was found to be related to E. foeniculicola (Zalar et al. 2008) . 
AcKNowLEdgEMENtS
We are grateful to Dr R Naidu for permission to sample soil for 
